The genus Flavitalea (type species Flavitalea populi) was proposed for an isolate from a soil sample of a Euphrates poplar (Populus euphratica) forest which was Gram-negative, strictly aerobic, rod-shaped, non-motile, oxidase-negative and catalase-positive, had MK-7 as the predominant respiratory quinone and iso-C 15 : 1 G, iso-C 15 : 0 and iso-C 17 : 0 3-OH as the major fatty aicds, and was deficient of flexirubin-like pigments (Wang et al., 2011) . Later, two more species of the genus were described, Flavitalea gansuensis and Flavitalea soli, both isolated from soil samples (Kim et al., 2016; Zhang et al., 2013) . With the addition of these species, the genus was found to have iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G as the major fatty acids except for Flavitalea gansuensis containing a low amount of iso-C 15 : 1 G and high amount of summed feature 9 (iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl). Flavitalea soli had a different polar lipid pattern from the other two species, containing a large amount of an unknown lipid designated L3 by Kim et al. (2016) .
We isolated one strain, designated T16R-265 T , in a rhizosphere soil sample collected from Buyeo-gun, Chungcheongnam-do, South Korea (36 17¢36.25¢¢ N 126 55¢54.25¢¢ E). A soil sample was serially diluted, and then plated on R2A medium (BD) at 28 C. After incubation for one week, several strains were isolated and purified through sub-culturing on R2A agar medium. Strain T16R-265 T was preserved at À80 C in a suspension of 15 % glycerol.
Cell morphology was observed with an electron microscope (912AB; LEO) using cells grown on R2A agar medium at 28 C for 2 days; the cells were negatively stained with 1 % (w/v) sodium phosphotungstic acid (pH 7.0). Gram staining was tested with the Difco Gram staining kit according to the manufacturer's instructions. Growth of strain T16R-265 T was checked at the temperatures of 5, 10, 15, 20, 25, 28, 30, 35, 40 and 45 C, at the range of pH 4-10 (at 1.0 pH unit intervals) and with 0, 1, 2, 3 and 5 % (w/v) NaCl concentrations. The pH of R2A broth was adjusted using citrate/phosphate buffer (for pH 3.0-7.0), Tris/hydrochloride buffer (pH 8.0-9.0) and carbonate/bicarbonate buffer (pH 10.0-11.0); after sterilization (121 C, 15 min), the pH of the R2A broth was checked and adjusted if necessary. Oxidase activity was tested by the oxidation of 1 % (w/v) tetramethyl p-phenylenediamine, and catalase activity was evaluated by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution. The presence of flexirubin-type pigments was tested using the KOH test, as described by Bernardet et al. (2002) . Casein, CM-cellulose, hypoxanthine, starch, Tween 80, tyrosine and xanthine degradations were examined on R2A plates containing milk powder (5 %, w/v), CM-cellulose (1 %, w/v), hypoxanthine (0.5 %, w/v), starch (1 %, w/v), Tween 80 (1 %, w/v), tyrosine (0.1 %, w/v) and xanthine (0.5 %, w/v), respectively. DNase activity was determined with DNase test agar (Difco). Additional enzyme activities, biochemical features and the assimilation of carbon sources were determined by using API ZYM, API 20NE and API ID 32GN kits (bio-M erieux). Cells of strain T16R-265 T revealed two types of morphologies, being rod-shaped (0.5-0.7Â1.2-1.5 µm) or long-rod-shaped (0.3-0.5Â up to 7.0 µm) (Fig. S1 , available in the online Supplementary Material). Growth of strain T16R-265 T was observed at 10-40 C (optimum 28-30 C), pH 6-9 (optimum pH 7.0) and with 0-3 % (w/v) NaCl (optimum 0 %). Strain T16R-265
T can be differentiated from other closely related species based especially on the cell shape, hydrolysis of some substrates, assimilation of sugar sources and enzymatic activities. The phenotypic comparison among strain T16R-265 T and closely related species is shown in Table 1 .
For the sequencing of the 16S rRNA gene of strain T16R-265 T , genomic DNA was extracted by the method of Ausubel et al. (1987) , except that the lysates were extracted twice with chloroform to remove residual phenol. The 16S rRNA gene was amplified by PCR using the bacterial universal primers 8F and 1512R (Felske et al., 1997 ). An almostcomplete 16S rRNA gene sequence (1463 bp) was obtained and deposited in the NCBI GenBank database. The similarity values between the 16S rRNA gene sequence of strain T16R-265 T and the sequences of the type strains of closely related taxa were calculated using the EzTaxon-e server (Kim et al., 2012) . The sequences obtained from the GenBank database and EzTaxon-e server were aligned using the SILVA Incremental Aligner (Pruesse et al., 2012) . Phylogenetic trees were reconstructed by three tree-generating algorithms that are programmed in the MEGA6 software package (Tamura et al., 2013) : neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximumlikelihood (Felsenstein, 1981) . The robustness of the phylogenetic trees was calculated by bootstrap analyses based on 1000 random resamplings of the sequences. Strain T16R-265 T showed the highest sequence similarity (98.0 %) with Flavitalea soli KIS20-3 T while revealing low sequence similarities of below 95 % with all other taxa. The neighbour-joining phylogenetic tree ( Fig. 1 For the fatty acid analysis, strain T16R-265 T and the closely related species, Flavitalea gansuensis KACC 17360 T and Flavitalea soli KACC 17319 T , were grown on R2A agar medium at 28 C for 2 or 3 days depending on the growth rate to the exponential phase (Sasser, 1990) . Fatty acid methyl esters were prepared and analysed according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 5.0) and identified by the TSBA 50 database of the Microbial Identification System. Menaquinones and phospholipids were extracted and purified according to the protocol of Minnikin et al. (1984) . After two-dimensional TLC of the cell extract, the reagents for detection of polar lipids were sprayed as follows (Collins et al., 1980) : 5 % ethanolic molybdophosphoric acid for detection of all lipids, ninhydrin reagent for lipids containing free amino groups, Zinzadze reagent for phosphorus-containing lipids, and anaphthol reagent for glycolipids. The DNA G+C content was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green 1 and a real-time PCR thermocycler (Bio-Rad).
The fatty acids profile of strain T16R-265
T was very similar to that of Flavitalea soli KACC 17319 T , sharing iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G as the major fatty acids.
However, the fatty acids of both strains were quite different from Flavitalea gansuensis KACC 17360 T which had a high amount of iso-C 17 : 1 !9c, moderate amounts of iso-C 13 : 0 3-OH and iso-C 17 : 0 , and a low amount of iso-C 15 : 1 G, and from Flavitalea populi CCTCC AB 208255 T comprising moderate amounts of iso-C 17 : 0 , iso-C 13 : 0 3-OH and summed feature 1 (including C 13 : 0 3-OH and/or iso-C 15 : 1 H) ( Table 2 ). The polar lipids of strains T16R-265 T and Flavitalea soli KACC 17319 T were also similar, containing phosphatidylethanolamine and an unknown lipid designated L3 by Kim et al. (2016) as the major polar lipids (Fig.  S2) , while type strains of two closely related species, Flavitalea gansuensis JCN-23 T and Flavitalea populi HY-50R T , had phosphatidylethanolamine as the major polar lipid, but lacked an unknown lipid designated L2 in Fig. S2 (Zhang et al., 2013) . The major respiratory quinone of strain T16R-265 T was menaquinone 7 (MK-7), which is consistent with that of the genus Flavitalea (Wang et al., 2011) . The G+C content of the DNA of strain T16R-265 T was 46.2 mol%.
DNA-DNA hybridization was conducted using the filter hybridization method described by Seldin & Dubnau (1985) . Probe labelling was conducted by using the non-radioactive DIG High Prime system and hybridized DNA was visualized using the DIG luminescent detection kit (Roche). DNA-DNA relatedness was quantified by using a densitometer (Bio-Rad). Strain T16R-265 T revealed a DNA-DNA hybridization value of 31±3 % (reciprocal value of 36±2 %) with Flavitalea soli KACC 17319 T . The hybridization values were below the recommended threshold to delineate bacterial species (Stackebrandt & Goebel, 1994) .
On the basis of the differences in physiological and chemotaxonomic (fatty acids and polar lipids) data, DNA-DNA hybridization values, 16S rRNA gene sequence similarities and phylogenetic trees, we propose that strain T16R-265 T represents a novel species of a new genus in the family Chitinophagaceae for which the name Pseudoflavitalea rhizosphaerae gen. nov., sp. nov. is proposed. We also propose to reclassify Flavitalea soli as Pseudoflavitalea soli comb. nov.
Description of Pseudoflavitalea gen. nov.
Pseudoflavitalea (Pseu.do.fla.vi.ta¢le.a. Gr. adj. pseudes false; Flavitalea a bacterial genus. N.L. fem. n. Pseudoflavitalea a false Flavitalea).
Cells are Gram-negative, non-motile, aerobic, rods or long rods. Catalase-and oxidase-positive. Flexirubin-like pigments are not produced. The predominant isoprenoid quinone is MK-7. The predominant fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G. The major cellular polar lipids are phosphatidylethanolamine and an identified lipid. The genus is phylogenetically positioned within the family Chitinophagaceae, phylum Bacteroidetes. The type species is Pseudoflavitalea rhizosphaerae.
Description of Pseudoflavitalea rhizosphaerae sp. nov.
Pseudoflavitalea rhizosphaerae (rhi.zo.sphae¢rae. Gr. n. rhiza root; Gr. n. sphaira ball, surroundings; N.L. gen. n. rhizosphaerae of the rhizosphere).
Cells are 0.5-0.7Â1.2-1.5 µm (rod) or 0.3-0.5Â up to 7.0 µm (long rod) in size. Colonies are irregular, convex and light yellow on R2A agar medium. Grows at 10-40 C (optimum 28-30 C) and pH 6.0-9.0 (optimum pH 7.0). Tolerates up to 3 % (w/v) NaCl. Nitrate is not reduced to nitrite. Hydrolyses aesculin, casein, DNA and gelatin, weakly hydrolyses CM-cellulose, but does not hydrolyse chitin, hypoxanthine, starch, Tween 80, tyrosine, urea or xanthine. Positive for alkaline phosphatase, esterase, esterase lipase, leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-fucosidase. Negative for indole production, glucose fermentation, arginine dihydrolase, lipase (C14), cystine arylamidase, a-chymotrypsin, bglucuronidase and a-mannosidase. Assimilates D-glucose, L-arabinose, D-mannose, N-acetylglucosamine, maltose, malic acid, D-ribose, glycogen, salicin, melibiose, L-histidine and L-proline. Does not assimilate D-mannitol, potassium gluconate, capric acid, adipic acid, trisodium citrate, phenylacetic acid, L-rhamnose, inositol, sucrose, itaconic acid, suberic acid, sodium malonate, sodium acetate, lactic acid, L-alanine, potassium 5-ketogluconate, 3-hydroxybenzoic acid, L-serine, L-fucose, D-sorbitol, propionic acid, valeric acid, potassium 2-ketogluconate, 3-hydroxybutyric acid or 4-hydroxybenzoic acid.
The type strain, T16R-265 T (=KACC 18655 T =NBRC 111880 T ), was isolated from rhizosphere of tomato in Buyeo-gun, Chungcheongnam-do, South Korea. The DNA G+C content of type strain is 46.2 mol%. Displays the following properties in addition to those described for the genus. Cells are 0.5-0.6Â1.0-2.5 µm in size. Colonies are irregular, convex and yellow on R2A agar medium. Grows at 10-37 C (optimum 28-30 C) and pH 5.0-10.0 (optimum pH 7.0). Tolerates up to 1.0 % (w/v) NaCl. Nitrate is not reduced to nitrite. Hydrolyses aesculin, casein, DNA, gelatin, Tween 80 and tyrosine, but not CM-cellulose, chitin, hypoxanthine, starch, urea or xanthine. Positive for alkaline phosphatase, esterase (C4), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, bgalactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Negative for indole production, glucose fermentation, arginine dihydrolase, esterase lipase (C8), lipase (C14), trypsin, a-chymotrypsin and b-glucuronidase. Assimilates D-glucose, D-mannose, N-acetylglucosamine, maltose, malic acid, L-rhamnose, D-ribose, sucrose, glycogen, salicin, melibiose, L-histidine and L-proline. Does not assimilate L-arabinose, D-mannitol, potassium gluconate, capric acid, adipic acid, trisodium citrate, phenylacetic acid, inositol, itaconic acid, suberic acid, sodium malonate, sodium acetate, lactic acid, L-alanine, potassium 5-ketogluconate, 3-hydroxybenzoic acid, L-serine, D-sorbitol, propionic acid, valeric acid, potassium 2-ketogluconate, 3-hydroxybutyric acid or 4-hydroxybenzoic acid.
The type strain, KIS20-3 T (=KACC 17319 T =JCM 19937 T ), was isolated from a soil sample of Baengnyeong Island in Onjin-gun, South Korea. The DNA G+C content of the type strain is 55.7 mol%.
